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edu.au (T.W.A. Whitﬁeld), jpatterson@swin.edu.au (J.The human visual system is very adept at extracting categorical information from complex scenes with
only the briefest of exposure. Here we show that information from visual scenes can be processed to the
level of identiﬁcation with formally unattainable, ultra-brief (1 ms) presentations. This brief presentation
time is afforded by a new instrument, the light-emitting diode (LED) tachistoscope, in which a liquid crys-
tal display (LCD) is illuminated externally by a brief LED ﬂash after LCD steady-state is reached, such that
image onset and offset timing can be precisely controlled. Photographs of animals were presented with or
without backgrounds for 1 ms and 10 ms. The results indicate that visual recognition of objects beneﬁts
from presenting them in isolation rather than with a background at smaller (1 ms) durations. In both con-
ditions, however, animals could be recognised at 1 ms at least 83% of the time, possibly due to iconic
memory and top-down, feedback mechanisms.
 2011 Elsevier Ltd. All rights reserved.1. Introduction
Humans can successfully indicate whether a stimulus belongs
to a pre-determined category even if it is exposed for only millisec-
onds. For example, using a standard computer monitor, we can dis-
tinguish animals from distracters (e.g. buildings, forests, and a
variety of other scenes) with 94% accuracy at only 20 ms (un-
masked) of exposure (Thorpe, Fize, & Marlot, 1996), and we can
distinguish animals and vehicles from one another, again with
94% accuracy at 20 ms (un-masked) of exposure (VanRullen &
Thorpe, 2001). We can also differentiate between natural and arti-
ﬁcial scenes with accuracy performance over 90% for a variety of
coloured and black and white scenes at 26 ms (un-masked) of
exposure (Rousselet, Joubert, & Fabre-Thorpe, 2005). Other studies
have deliberately closely followed (or preceded) target stimuli
with a second stimulus, a mask, in an attempt to diminish the pro-
cessing of the target stimuli (for reviews, see Breitmeyer & Ganz,
1976; Kahneman, 1968) and have still found the visual system to
be capable of extracting information. For instance, using a dynamic
masking technique and a high refresh rate monitor of 160 Hz, hu-
mans can differentiate animals from distracters (e.g. landscapes,
indoor and outdoor scenes, and a variety of man-made objects)
at only 6.25 ms of exposure in instances where the stimulus onset
asynchrony (SOA; the duration from the beginning of the targetll rights reserved.
hurgood), awhitﬁeld@swin.
Patterson).stimulus to the beginning of the masking stimulus) between target
and mask was 12 ms or above (Bacon-Mace, Mace, Fabre-Thorpe, &
Thorpe, 2005). Performance accuracy reached a maximum of 91%
with an SOA of 106 ms. Only the 6 ms SOA condition resulted in
chance performance. Using the same dynamic masking technique
and a monitor with a refresh rate of 100 Hz, we can make global-
property classiﬁcations of real-world scenes with 75% accuracy at
only 19–47 ms of exposure, and basic-level categorisations with
75% accuracy at 30–67 ms of exposure (Greene & Oliva, 2009).
While these studies demonstrate the capacity to recognise stim-
uli at brief durations, to investigate even smaller exposure dura-
tions has not been possible. This is due to limitations in display
hardware. While a simple ﬂash of light is relatively easy to admin-
ister and control, to present a complex visual stimulus is much
more difﬁcult. One option, the traditional electro-mechanical
tachistoscope, is basically a slide projector that combines ﬂuores-
cent lamps and shutters to display images. Both the electrical
and mechanical components are problematic. The ﬂuorescent
lamps are slow to reach full luminance (Glaser, 1988; Naish,
1979) and the mechanical shutters take time to open and close
(Madigan & Johnson, 1991). Thus, the capacity to reliably display
images brieﬂy (particularly less than 10 ms) is questionable. Addi-
tionally, both components have a limited lifetime of operation,
making the traditional tachistoscope unreliable over time. Com-
puter-monitor tachistoscopes, such as those used in the above
studies, are reliable across trials; however, they encounter other
problems. The monitor used to display images can be either a cath-
ode ray tube (CRT) or a liquid crystal display (LCD). CRTs use an
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to right, top to bottom, with this entire process constituting the re-
fresh rate. The image can only be displayed for multiples of this re-
fresh rate, and this often exceeds 10 ms (Hutner, Duboff, Oscar-
Berman, & Mueller, 1999). Faster refresh rates are now available;
however, the problem remains that stimuli are still ‘written’ on
the screen from left to right, top to bottom, and portions of the im-
age decay before other portions are displayed. To display images
for 1 ms on a CRT is not yet possible. LCDs do not have a refresh
rate in that they do not constantly ‘write’ the image on the screen.
Instead, a constant backlight is used to illuminate stimuli created
by a matrix of liquid crystals. Once the image is on screen it is rel-
atively stable and resistant to change unless intentionally altered
(Wiens & Ohman, 2005; Wiens et al., 2004). However, the picture
onset and offset are slow and inconsistent. Thus, an LCD alone is
not sufﬁcient as a reliable display instrument. It has been sug-
gested to program mechanical shutters to open in front of an
LCD once the picture is stable (Wiens & Ohman, 2005). However,
as indicated, the use of mechanical components is problematic.
As a substitute for a mechanical shutter, an LCD monitor can be
used in conjunction with a separately controlled backlight, such as
an array of white light-emitting diodes (LEDs), to display images
for any given duration. The images are presented on the LCD, how-
ever they are only made visible to the participant via illumination
from the LED array, which is placed behind the LCD. With such a
design, the external LED backlight does not switch on to illuminate
the image until after a delay to ensure that the LCD components
are stable. A further feature is that LEDs reach full luminance al-
most instantaneously and can therefore illuminate images even
in the millisecond range, with stimulus onsets and offsets that
are essentially instantaneous (Brailovsky &Mitin, 2000; Nakamura,
Umeda, & Nakada, 1972). Thus, the slowness of the LCD is irrele-
vant; it is the LED backlight that controls the visible duration of
the image. An LED-tachistoscope (LED t-scope) has been developed
and its performance veriﬁed as capable of reliably illuminating
images for durations as brief as 1 ms (Thurgood, Patterson, Simp-
son, & Whitﬁeld, 2010).
We present here the results of a visual recognition task in which
participants were required to verbally identify rapid presentations
of animal stimuli by name. One of the novel features of this re-
search is that the task was more sensitive than the categorisation
tasks typical of vision research as the participants had no addi-
tional information about the stimulus prior to viewing and could
not, therefore, guess from alternatives if they were unable to see
the stimulus. A second novel feature is that stimuli were presented
on the LED t-scope (described in Thurgood et al. (2010)) which en-
abled presentations as rapid as 1 ms, a duration much briefer than
those achieved in previous experiments. Thus, the overarching aim
of this study was to investigate the performance of the human vi-
sual system for recognition of animals when ultra-rapid exposure
durations could be precisely controlled. Past research has shown
that although objects are processed with more accuracy when pre-
sented with a semantically consistent background than with an
inconsistent background, objects are identiﬁed with even greater
accuracy when presented in isolation than when presented with
a background (Davenport & Potter, 2004). Thus, a further aim
was to investigate recognition performance for objects with a
background versus objects presented in isolation.2. Material and methods
2.1. Participants
Sixty-three people, 22 of which were male (mean, 25.705 yrs;
SD, 6.933 yrs), and 41 of which were female (mean, 23.883 yrs;SD, 2.967 yrs), took part in this experiment. Participants were re-
cruited via word of mouth and through advertisements displayed
around the university campus. All of the participants had previ-
ously attained, or were in the process of obtaining, some form of
university or tertiary education. Participants gave written in-
formed consent for their participation.
2.2. Apparatus and stimuli
Sixty photographs of animals from the National Geographic
(2008), Animal Photos (2009), and Jungle Walk (2009) WebPages
were presented. The selection included examples of various land
creatures (e.g. elephants, the big cats), ﬂying creatures (e.g. owls,
eagles), and water creatures (e.g. sharks, sea lions). The three clas-
ses of animals (land creatures, ﬂying creatures, and water crea-
tures) were chosen so that there would be considerable
variability among stimuli and that animals in general would be
well represented. Half (30) of the stimuli formed a ‘context’ condi-
tion; the other half formed a ‘plain’ condition. The former con-
tained photographs of animals situated within their natural
background. Animals in the second condition were presented in
isolation against a plain white background. Each stimulus con-
tained a full-body animal in proﬁle view, and animals were centred
within the frame. Each image was 17  12.7 cm with a resolution
of 640  480 pixels (96 dpi). Images were presented centrally on
the LCD monitor of the LED t-scope with a screen brightness of
approximately 60 cd/m2 as measured by a Tektronix J16 Photome-
ter/Radiometer. Presentation and timing of stimuli were controlled
by the software package DirectRT (Empirisoft, 2006) running on a
Zilog Z80 microprocessor.
2.3. Procedure
Participants were seated individually in front of the LED t-scope
in a room with the researcher. They were informed that they were
taking part in a study investigating how people identify rapidly
presented visual stimuli. They were told that photographs of vari-
ous animals would be presented on screen and that they would
sometimes appear so rapidly that they may not actually see what
they were. They were told to simply focus on the black ﬁxation
cross in the centre of the screen, which would always precede a
photograph of an animal that would then ﬂash before them. They
were asked to verbally indicate, as quickly and simply as possible,
the name of the animal upon its presentation. It was requested that
they be as speciﬁc as possible, for instance ‘leopard’ rather than
‘cat,’ but that if they were unable to name the exact animal they
could use more general terms (e.g. ‘cat.’). If they could not name
the animal at all, or did not see anything at all, they were in-
structed to say ‘pass’ and miss that particular turn. The participants
were informed that animals would be separated by a period of
approximately 3 s.
Participants were randomly assigned to one of two groups; the
context group or the plain group. Those in the context group saw
only the set of animals photographed in their natural environment,
and those in the plain group only saw the set of animals against a
white background. Within each group, half of the stimuli were pre-
sented for 1 ms, and the other half for 10 ms. The orders of animal
stimuli presentation and exposure duration were randomised.
Images were presented to participants on the LCD, however their
visibility was controlled externally by the LED array that was
placed behind. Each trial began with a black ﬁxation cross that
was illuminated on the LCD by the LED array for 2000 ms. The
LED array was then switched off momentarily while the LCD com-
ponents were updating for the stimulus images (animals). This de-
lay ensured that LCD steady-state was achieved before revealing
the stimulus images. The LED array was then switched on again
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1 ms or 10 ms, respectively. The stimulus images deliberately re-
ceived longer exposure durations on the LCD (200 ms) than what
they were actually revealed for by the LED array (1 ms or 10 ms)
to ensure that stimulus onsets and offsets were discrete. Thus, fol-
lowing revelation of the stimulus images to the participant, the
LED array was kept off for either 140 ms (for 10 ms stimuli) or
149 ms (for 1 ms stimuli) together with a further 1000 ms for both
the 10 ms and 1 ms stimuli (coinciding with a blank white slide
that was automatically set by the software, DirectRT). In other
words, the inter-trial interval (ITI; the time frame from the offset
of the animal stimulus to the onset of the next interrupting stimu-
lus, in this case, the ﬁxation cross) was 1140 ms for the 10 ms stim-
uli, and 1149 ms for the 1 ms stimuli. A graphical representation of
this entire procedure is presented in Fig. 1. The task of the partic-Fig. 1. Schematic representation of the plain animals experimental procedure for the 1
control computer and t-scope. The horizontal pulse at the bottom of the ﬁgure represen
presentation observed on the computer LCD is the same as that for the t-scope LCD, it is t
and their exposure durations. Hence only the cross and animal stimuli are visible (as show
constant light-source, all stimuli are visible to the researcher. The animal pictures delib
revealed for on the t-scope LCD (1 or 10 ms) to accommodate the delay between stimulu
(ITI), the time frame from the offset of the animal stimulus to the onset of the next interru
1140 and the ITI for the 1 ms stimuli is 1149 ms, thus providing more than enough time
durations given are approximate due to the variable nature of LCDs. The inclusion of the b
DirectRT. The blank white interval was required by DirectRT to allow time for the nextipant was to verbally identify the animals by name while the re-
searcher manually recorded their responses verbatim on paper to
later transfer into the Statistical Package for Social Sciences (SPSS)
version 16.0 (SPSS Inc., 2007). Participants were not given feedback
regarding their performance at the time of each response.3. Results
3.1. Scoring
Participant responses were recorded by pen and paper and then
later were compared for accuracy against the log ﬁle created by the
software. A response was deemed correct if the exact name of the
animal was given (e.g. ‘tiger’ for tiger). A response was also consid-and 10 ms exposure duration conditions as presented on the LCD monitors of the
ts the light from the LED array. The ﬁgure shows that while the pattern of stimulus
he LEDs that control what is seen by the participant on the t-scope LCD – the stimuli
n in the smaller schematic in the upper right hand corner). Because the laptop has a
erately receive longer exposures on the LCDs (200 ms) than what they are actually
s onset and revelation by the LEDs. Of central importance is the inter-trial interval
pting stimulus (in this case, the ﬁxation cross). The ITI for the 10 ms target stimuli is
for the participants to ‘read out’ from iconic memory. Note that the computer LCD
lack slide was necessary in order to coordinate the on–off responses of the LEDs with
trial to be prepared.
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for an animal (e.g. ‘big cat’ for tiger), but not the overarching gen-
eral term (e.g. ‘land animal’ for tiger, or ‘sea creature’ for dolphin.
As an exception, the general term, ‘bird’ was considered a correct
response for any bird stimulus, given the consistent failure of par-
ticipants to name each bird by the speciﬁc species, which likely re-
ﬂects a lack of knowledge about the names of various species of
birds). And, because this was not a test of one’s knowledge of ani-
mals (animals were used merely because they are common and
familiar and many examples exist), names of animals that were
essentially synonymous (e.g. ‘monkey’ for chimpanzee) were con-
sidered correct, as were substitutions of similar animals belonging
to the same general category (e.g. ‘leopard’ instead of cheetah;
both a form of cat); provided it was obvious that they were concep-
tually related. However, a response was incorrect when the ani-
mals were perceptually similar, but conceptually dissimilar (e.g.
‘polar bear’ for harp seal; both white and ﬂuffy but clearly not re-
lated). And, a response was considered incorrect if the person sta-
ted the name of an animal that was clearly wrong, indicating they
were guessing or had not seen the animal properly. A miss was also
considered an incorrect response. A miss was when the participant
either said ‘pass’ or didn’t respond at all for a particular turn –
whether it was because they could not name the animal, or be-
cause they were not aware of having seen an animal at all. A sim-
ilar scoring procedure was used in a stimulus identiﬁcation task by
Davenport and Potter (2004).3.2. Statistical analysis
Scores for each participant were analysed using SPSS (SPSS Inc.,
2007). To ascertain whether there would be a difference in recog-
nition performance for 1 ms and 10 ms stimuli between the back-
ground and no background conditions, correct response data were
analysed using mixed analysis of variance (ANOVA) with stimulus
condition as the between-subjects factor (context [animal pre-
sented against natural background] and plain [animal in isola-
tion]), and exposure duration as the within-subjects factor (1 ms
and 10 ms).
Preliminary analyses were performed on the data to ensure
suitability for further analysis. Inspection of the raw data revealed
that many participants were performing near ceiling and hence the
data did not conform to a normal distribution. The ANOVA, there-
fore, was performed with the data subjected to an arcsine square
root transformation (Snedecor & Cochran, 1980). This was applied
to the entire data set (all cases retained). The means and standard
deviations for number of correct responses under both exposure
durations for each exposure condition, together with percentages
correct are presented in Table 1.
The mean percentage of correct responses was 92.49% for stim-
uli at 10 ms, and 89.10% for stimuli at 1 ms. Both are well above a
50% chance threshold. Even in the poorest performing condition
(context condition at 1 ms) the identiﬁcation accuracy was 83.44%.
Given that there were only two levels of the within subjects var-
iable, the assumption of sphericity was already met. Levene’s TestTable 1
Means, standard deviations, and average percentages of correct responses to different
exposure durations for both stimulus conditions.
Condition Duration (ms) M SD % Correct
Plain 10 14.06 1.29 93.75
1 14.19 1.15 94.58
Context 10 13.68 1.78 91.18
1 12.52 2.14 83.44
N = 63.was used to assess homogeneity of variance, and no violations
were observed. Box M’s test was used to assess homogeneity of
intercorrelations, and no violations were observed. The ANOVA re-
vealed a signiﬁcant main effect of exposure duration (F(1, 61)
= 5.99, p = .017, partial g2 = .089), a signiﬁcant main effect of stim-
ulus condition (F(1, 61) = 8.66, p = .005, partial g2 = .124), and a sig-
niﬁcant interaction between exposure duration and stimulus
condition (F(1, 61) = 9.46, p = .003, partial g2 = .134).
In view of the signiﬁcant interaction, a comparison of correct re-
sponses for 1 ms and 10 ms stimuli was performed separately for
the two stimulus conditions using paired samples t-tests. For the
plain condition, there was no signiﬁcant difference in the number
of correct responses between 10 ms and 1 ms animals
(t(31) = .43, p = .668). For the context condition, however, there
was a signiﬁcant difference in the number of correct responses be-
tween 10 ms and 1 ms animals (t(30) = 4.01, p < .001), with signif-
icantly more animals identiﬁed at 10 ms than at 1 ms. In addition,
a comparison of stimulus conditions was carried out separately for
10 ms and 1 ms animals using independent samples t-tests. For
10 ms animals, there was no signiﬁcant difference in the number
of correct responses between plain and context groups
(t(61) = 1.01, p = .317). There was, however, a signiﬁcant difference
in the number of correct responses for 1 ms animals between plain
and context groups (t(61) = 4.10, p < .001), with more animals cor-
rectly identiﬁed in the plain condition than in the context
condition.4. Discussion
4.1. Overview of aims and ﬁndings
The aim of this study was to apply the new LED tachistoscope to
a visual perceptual task to investigate recognition performance for
animals when ultra-rapid exposure durations could be precisely
controlled. A further aim was to investigate the effects on recogni-
tion performance of presenting objects with a background versus
presenting them in isolation. The ﬁndings indicate that in both
stimulus conditions (context or plain), animals could be correctly
identiﬁed at 10 and 1 ms; however, the inﬂuence of exposure dura-
tion was different for the two stimulus conditions. There was no
difference in identiﬁcation performance of animals presented in
isolation (plain condition) at 10 and 1 ms, but signiﬁcantly more
animals were identiﬁed at 10 ms than 1 ms when presented with
their background (context condition). For 10 ms stimuli there
was no difference in the number of animals correctly identiﬁed be-
tween the plain and context groups, but for 1 ms stimuli, signiﬁ-
cantly more animals were identiﬁed in the plain condition than
in the context condition.
Using the LED t-scope, we were able to demonstrate that hu-
mans can extract sufﬁcient detail to identify animals with only
10 and 1 ms of visual exposure. At 1 ms, animals were successfully
identiﬁed by name with a minimum performance accuracy of
83.44%. This extends beyond those studies that found humans to
be capable of differentiating animals from distracters with 94%
accuracy at only 20 ms of exposure (Thorpe et al., 1996; VanRullen
& Thorpe, 2001), and the study that found successful differentia-
tion between natural and artiﬁcial scenes with 90% accuracy at
26 ms of exposure (Rousselet et al., 2005). It also extends beyond
the masking study that found humans could make global-property
and basic-level categorisations of real-world scenes with 75% accu-
racy at exposures ranging from 19 to 67 ms (Greene & Oliva, 2009).
And it extends beyond the masking study that found humans could
differentiate animals from distracters at 6.25 ms of exposure when
the SOA between target and mask was 12 ms or above (Bacon-
Mace et al., 2005). In the aforementioned studies, the task of the
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determined category. The task of the current study went a step fur-
ther; participants were required to identify visual stimuli (animals)
by name. Such a task is a more sensitive measure of recognition
than a categorisation task. In the identiﬁcation task there are no
alternative categories to ‘guess’ from. In the current study, partic-
ipants were able to successfully complete this task with a high le-
vel of accuracy, even at the very rapid duration of 1 ms, a duration
previously unattainable with existing equipment.
4.2. Iconic memory
A possible explanation for such efﬁcient performance of the vi-
sual system is that an iconic image temporarily persists following
physical removal of the visual stimulus, and participants could
actually ‘see’ the stimulus for longer than it was presented. This
brief, photograph-like representation that remains following stim-
ulus offset is referred to as an iconic image. Neuroimaging studies
have demonstrated that the presence of an icon is a consequence of
the continued ﬁring of neurons in the temporal visual cortex (Key-
sers, Xiao, Foldiak, & Perrett, 2001, 2005; Rolls, Tovee, & Panzeri,
1999), lateral occipital cortex (Ferber, Humphrey, & Vilis, 2005;
Ruff, Kristjansson, & Driver, 2007), and right middle frontal gyrus
(Ruff et al., 2007). There is evidence that an icon persists for be-
tween 100 and 300 ms beyond stimulus offset (Hulme & Merikle,
1976; Loftus, Duncan, & Gehrig, 1992; Loftus, Johnson, & Shimam-
ura, 1985; Rolls et al., 1999), meaning that when an icon is ‘permit-
ted’ it is ‘worth’ a further 100–300 ms in addition to the stimulus
exposure duration. ‘Permitted’ means that stimulus processing is
not interrupted by a mask or a subsequent stimulus. As such, the
information acquired from an (un-masked) icon approximates that
what could be extracted from 100 to 300 ms of additional exposure
of the physical stimulus. In the current study, the 10 ms and 1 ms
exposures could be considered as equivalent to up to 310 ms and
301 ms of exposure, respectively. As can be seen from Fig. 1, fol-
lowing stimulus offset, the participants were exposed to a blank
period (inter-stimulus interval) of 1140 ms in the 10 ms condition
and 1149 ms in the 1 ms condition. This would have provided am-
ple time for processing and recall from iconic memory before the
next interrupting stimulus (the ﬁxation cross) was presented. Gi-
ven the capability of the LED t-scope to present stimuli as rapidly
as 1 ms, the current animal study did not employ a mask. It is
likely, however, that had the current study employed a mask, iden-
tiﬁcation performance would have been considerably poorer, espe-
cially if the mask was presented in close temporal proximity to the
target.
Although signiﬁcantly more animals could be identiﬁed at
10 ms than at 1 ms when animals were presented against their
natural background, there was equivalent identiﬁcation perfor-
mance for 1 and 10 ms animals when presented against the plain
white background. Perhaps the higher ﬁgure ground contrast of
the plain white condition substantially enhanced the afterimage
and as a result 1 ms and 10 ms were perceived as essentially the
same. The other main difference between the plain and context
conditions was that there was no difference in identiﬁcation per-
formance for 10 ms animals; however, at 1 ms signiﬁcantly more
animals were identiﬁed in the plain condition than in the context
condition. This superior performance for the plain condition at
1 ms is most likely because objects without a background have a
clear contour, making stimulus feature extraction easier than in
the context condition, especially at the smaller exposure duration
(1 ms). These ﬁndings for the 1 ms plain stimuli are in line with
Davenport and Potter’s (2004) study that found isolated objects
(presented against a plain white background) were identiﬁed more
accurately than objects presented against a background. Again, it is
likely that the high contrast of the plain condition made readoutfrom iconic memory easier than in the context condition, and this
was more apparent with decreases in exposure duration.
It is reasonable to suggest that a stimulus of any given duration
could be identiﬁable provided it is of sufﬁcient intensity to produce
some sort of an after effect. Thus, the value of 1 ms in the current
study should not be considered an absolute threshold for visual
recognition. However, we believe this to be the ﬁrst study to accu-
rately and reliably investigate such a rapid level of exposure dura-
tion. Future research would endeavour to investigate durations
below 1 ms, as well as to compare the effects of rapid un-masked
exposures versus extended masked exposures.
4.3. Cortical feedback contributions to visual awareness
The effects of exposure duration were different for the two
stimulus conditions, with recognition performance beneﬁting from
presenting objects in isolation rather than with a background at
smaller durations. However, in both stimulus conditions animals
could still be identiﬁed even at 1 ms. It must be acknowledged that
image content and familiarity might have inﬂuenced what was
identiﬁed via top-down, feedback processing of the visual system.
One mode of vision proposes that visual recognition involves bot-
tom-up, feedforward processes whereby visual information ﬂows
from lower-level visual cortical regions to higher-level regions un-
til recognition is accomplished (Lamme & Roelfsema, 2000). How-
ever, feedforward processing is probably not sufﬁcient for
generating conscious awareness of a stimulus except in the sim-
plest of instances. Instead, top-down, feedback projections from
higher-cortical areas are necessary (for reviews, see Kveraga, Ghu-
man, & Bar, 2007; Lamme, 2000, 2003, 2004; Lamme & Roelfsema,
2000; Lamme, Supèr, & Spekreijse, 1998). In the current study,
feedback contributions involving existing knowledge about ani-
mals might have enabled participants to ‘guess’ their identities
based on certain features (e.g. presence of legs, a tail, and various
backgrounds that tend to co-occur with particular animals). Ob-
jects in the environment are not usually distributed randomly
but tend to co-occur together. Stimulus identiﬁcation can be im-
proved by using existing knowledge regarding spatial and seman-
tic relationships between stimuli in the environment (see Kveraga
et al. (2007) for a review of top-down facilitation by contextual
information). It is suggested that contextual information might
be extracted rapidly based on global information, which then facil-
itates object recognition. In support of this, studies have found that
objects are easier to identify when they are presented in semanti-
cally consistent scenes than in inconsistent scenes (Boyce & Poll-
atsek, 1992; Davenport, 2007; Davenport & Potter, 2004).
Regarding the context/background condition of the current study,
certain animals are expected in certain environments. For example,
a horse is expected among grassy plains. Similarly, objects them-
selves also provide a context for inferring the identity of back-
grounds and other objects. Accordingly, backgrounds have been
identiﬁed more accurately when they contained semantically con-
sistent objects than inconsistent objects (Davenport, 2007; Daven-
port & Potter, 2004), and objects appearing with a related object
have been identiﬁed more accurately than objects appearing with
an unrelated object, regardless of background (Davenport, 2007).
Regarding the plain condition of the current study, features of
the animals also provided a context for inferring their identity.
For instance, a horse is expected to have four legs and a tail.
Regardless of the potential for ‘guessing’ based on the extraction
of coarse features, the fact remains that the participants detected
sufﬁcient detail to identify animals with only 1 ms of exposure.
In conclusion, this study showed that humans are able to recog-
nise stimuli with a great deal of accuracy, even with the briefest of
exposures. Due to limitations of available display equipment, dura-
tions as rapid as 1 ms have not been possible to investigate until
C. Thurgood et al. / Vision Research 51 (2011) 1966–1971 1971now. Using the LED t-scope it can conﬁdently be stated that even
1 ms of exposure is sufﬁcient to enable the human visual system
to detect and identify visual stimuli. Thus, this study provides a
step in the direction towards a greater understanding of the capa-
bilities of the human visual system.
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